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HONORS THESIS ABSTRACT
To help promote the growth in STEM (science, technology, engineering,
and math) careers, ComEd created the Icebox Derby STEM cup challenge. The
Icebox Derby is a challenge that encourages young women to engage in hands
on challenges involving innovations. The challenges revolve around building a
derby car out of recycled refrigerators. The whole process takes place over four
build days and is used to further encourage STEM. In previous years, a
homemade jack was used to lift the kart frame high enough for the students to
work on the car. However, lifting the frame did not involve the students, and
when the frame was on the jack, it was unstable and ultimately deemed unsafe.
The goal was to design a lift that the participants can operate safely. The lift
operates using hydraulics to raise and lower to ideal working heights, operating
on a simple scissor design. The lift ensures the girls have access to all aspects of
the frame, yet not have to work on the floor or have the frame be unstable. The
final product includes a locking mechanism for additional safety at maximum
height and locking casters for ease of mobility. The final product can also be
marketed for other small vehicles, not just go-karts. The team's mission was to
provide a safe, hands on lift that the students will be able to operate when
completing challenges involving the Icebox Derby car frame.

MEE 482: Project Report
______________________________________________________________________________

COMED ICEBOX Derby: Lift Team
______________________________________________________________________________

Team Members: Kenzie Kaiser, Brent Foley, Daniel Nisbett,
Diontrae Terrell, Mackenzie Thompson, and Scott Hallow
Advisor: Dr. Shelton and Dr. Sciammarella
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Abstract
To help promote the growth in STEM (science, technology, engineering, and math)
careers, ComEd created the Icebox Derby STEM cup challenge. The Icebox Derby is a challenge
that encourages young women to engage in hands on challenges involving innovations. The
challenges revolve around building a derby car out of recycled refrigerators. The whole process
takes place over four build days and is used to further encourage STEM. In previous years, a
homemade jack was used to lift the kart frame high enough for the students to work on the car.
However, lifting the frame did not involve the students, and when the frame was on the jack, it
was unstable and ultimately deemed unsafe. The goal was to design a lift that the participants can
operate safely. The lift operates using hydraulics to raise and lower to ideal working heights,
operating on a simple scissor design. The lift ensures the girls have access to all aspects of the
frame, yet not have to work on the floor or have the frame be unstable. The final product
includes a locking mechanism for additional safety at maximum height and locking casters for
ease of mobility. The final product can also be marketed for other small vehicles, not just gokarts. The team's mission was to provide a safe, hands on lift that the students will be able to
operate when completing challenges involving the Icebox Derby car frame.
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Chapter 1 – Introduction
1.1 Background
Every year, ComEd holds an event called The Icebox Derby. The event was formed to
encourage young female students to join STEM fields in the future. The students are formed into
teams of five along with an adult mentor to oversee and help them. Over two weeks, with four
build days, the students work on constructing a go-kart using a recycled refrigerator and a gokart frame. During this time, they learn basics about various engineering aspects, such as gears,
electrical components, and renewable energy through solar power. One of the learning
experiences the mentors task the students with is fastening the wheels to the go-kart frame. This
task requires the kart to be lifted. In the past, the mentors had to perform the physical lifting of
the kart, as it would be unsafe for the students to do. At one point, there was a homemade jack
that was used to support the weight of the kart. However, the kart was not stable on the jack,
creating a need for a better alternative that is both safe and engaging for the young girls.

1.2 Initial Thoughts
The first aspect that interested the group was being able to participate in an event that
encourages more diversity in the STEM fields. As engineers, the team has firsthand experience
with the lack of diversity in the field. By increasing diversity, the field gains alterative thoughts
and ideas from more individuals and helps to grow the engineering field.
When researching the various aspects of the Icebox Derby, the team discovered the
current method for lifting the kart could be dramatically improved. The team decided to design a
lift to negate the need for the mentors to physically lift the kart and to provide a better working
environment for the students. In addition to the lift, the team felt it was necessary to include a
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learning aspect that would be related to the engineering aspects of the lift as well as a replication
manual that could provide ComEd the potential to replicate the lift in the future.

1.3 Professional Components Regarding Emphasis in Sustainable Energy (Brent Foley)
The final lift design uses hydraulic oil, more specifically automatic transmission fluid.
There are benefits of using transmission fluid than other fluids. For instance, it is cheaper than
other fluids. The automatic transmission oil is also more resistant to thermal degradation. There
were some issues with using hydraulic oil. For instance, it can cause contamination, is more
difficult to dispose of safely, and is highly flammable. In terms of the lift being sustainable and
in relation to renewable energy, the lift can potentially use water as a future option as a hydraulic
medium instead of hydraulic oil to transfer energy. However, the team would have to add a
hydraulic cylinder and a pump specifically made to accommodate the use of water. However,
this would add to the cost significantly to implement water into the lift design. Also, other
problems with water, is that it is less viscous than the hydraulic oil typically used, has a lower
boiling temperature and its molecular structure is less complex which can significantly hinder the
operation of the lift [1]. These issues can be minimized via machining the parts used to greater
tolerances, and thus, eliminate the need to use non-renewable resources such as hydraulic oil.
This would ultimately become a more environmentally friendly solution by using water [2]. The
multi-purpose lift utilizes a hydraulic power unit, which also leaves a smaller carbon foot-print
than lifts on the market with power units. The hydraulic cylinder used in the multi-purpose lift
also minimizes corrosion with the use of the dual acting cylinder that was chosen. Overall, the
lift can further be improved for the sake of becoming more environmentally friendly with the use
of a water-based pump.
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1.4 Professional Components Regarding Emphasis in Sustainable Energy (Kenzie Kaiser)
One of the biggest concerns in the world is global warming. Even though there are so
many people out there who want to deny it's occurrence, the world cannot deny the
overwhelming changes associated with the increases in carbon emissions. Of the total carbon
emissions, eighty- seven percent of those emissions are from burning fossil fuels. Fossil Fuels
produce energy to power electricity, transportation vehicles, places, and industrial facilities. In
2011 alone, there was more than 33.2 billion tons of carbon dioxide emissions worldwide [3].
Should the designed lift ever be manufactured in a large industrial facility, the facility to should
look to alternatives for powering the facility.
Of course, should the lift be manufactured on a large scale, there are many ways to
reduce carbon footprint. When it comes to powering the plant, the team can use alternative
sources such as solar panels and wind turbines to power the facility. Solar panels are ideal
because thankfully, most facilities are only producing during the day, which is the same time
fame that solar collectors are obtaining energy. Of course, if the facility runs multiple shifts, the
panels would have to work in conjunction with another energy source to account for those
energy fluctuations. Additionally, most factories have the perfect roof line for the use of solar
panels. Typically, factories have expansive flat roofs. This is especially ideal when thinking
about where the solar panels would be located that both make sense to the system and are
aesthetically pleasing. Although solar panels are a viable option, they may not be the only source
of energy, as they are not as efficient as other sources. Wind turbines could be a good source of
energy to power a factory. Although large wind turbines that span upwards of 180 feet may not
be an option due to land spacing, smaller wind turbines are a viable option. Specifically, vertical
axis wind turbines are generally used for urban settings. They typically are not as efficient as
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horizontal wind turbines, but they do not need a ton of space nor a ton of spacing between
turbines. Using solar panels in conjunction with solar panels could reduce the majority of carbon
emissions from a factory, should the lift get produced.
In addition to solar panels and wind turbines, newer technology even uses manure from
large factory farms to produces methane gas to power facilities. Methane-producing bacteria
breaks down the organic waste. The methane can then be captured and burned for electricity.
Traditional manure management options include slurries and lagoons. These options release the
methane into the environment, increasing a farm's overall greenhouse gas emission. These
emission account for nearly 26% of agricultural emissions in the United States. Diverting these
emissions towards electricity generation for a factory reduces the greenhouse gas emission. Thus,
reducing the overall carbon trapped in the atmosphere due to greenhouse gases. Researchers
estimate that one lagoon or pit using cow, poultry, or swine manure could produce 11,000
megawatts, or 1000 homes, of electricity [4]. When looking at this in relation to powering a large
industrial facility, this is a viable option for power. Of course, these alternatives may not be
enough to power the entirety of the plant. However, even small additions that are
environmentally friendly can reduce the overall carbon footprint produced by the lift's
production.

1.5 Team Contributions
Various aspects of the project were categorized. Each member of the team was assigned
various aspects based on their strengths and experience. For each team member, their roles are
listed below.
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Mackenzie Thompson is one of two team leaders. Mackenzie did the mock up for the
lower half of the go-kart frame. She also decided the main dimensions for the lift. A CAD model
for the top, bottom and scissor lift mechanism was also created. She also has been instrumental
in finalizing the lift CAD model and redesign of the go-kart frame model in Solid works.
Mackenzie has helped Kenzie get the curriculum situated and finalized for the final design. In
addition, Mackenzie finished the 3D printed prototype and helped explain the concepts during
the Mid-term presentation. Mackenzie had also helped Scott on getting the final order parts sent
in on time. Mackenzie has been a key in the overall assembly of the lift.
Daniel Nisbett has made significant contributions to the final report by setting up the
main body of the paper. Dan has also completed the main aspects of the replication manual and
formatting. This includes working on the replication manual's main body set up, much like that
of the Final Report. Dan made initial contact with NIU's Engineering lab manager Mike
Reynolds, and he was able to provide more insight in how to manufacture a more efficient lift.
Kenzie Kaiser is also our team leader. Kenzie has fulfilled her obligations for the project,
which consists of her scheduling meetings such that everyone can attend, making sure we kept
on track with each of our sections. Kenzie has also been crucial in overseeing all aspects of the
project and critiquing the report, posters, ordering parts and making sure all members were
trained on the drilling and cutting machines at the university. She has done an outstanding job
keeping everyone on task and contributing where they could, as well as getting the Bi-weekly
reports completed. She also made significant contributions to the mid-term presentation in terms
of structure and formatting. Kenzie has been instrumental in creating a curriculum that
implements basic elements of Statics and Dynamics courses within the College of Engineering.
She has ordered parts that have been implemented in final multipurpose lift design. Kenzie also
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worked on getting quotes for the cost to manufacture, as well as contributed to the overall market
analysis of current market options.
Scott Hallow has been crucial in the implementation of the material components and
electrical components chosen for the final lift design and assembly. He was essential in helping
to get the design together and the budget made. He had also met with various professors that has
an excelled knowledge of hydraulics systems and talked to them to get the hydraulic portion of
the design completed and the specifications designed. He also did a large portion of the CAD
modeling along with Mackenzie and filled out the order forms for various parts. He helped
Mackenzie redesign the flanges and troubleshoot the hydraulic controls for the lift. He
contributed the bulk of the design section of the report along with Mackenzie.
Diontrae Terrell has helped with early concepts on the competitive analysis. He also
helped with the environmental impacts ethics of the project by providing great inputs on what
type of material would be environmental friendly in the beginning. He also has been essential in
getting the small and large posters structured correctly. In addition, Diontrae has become a key
part in completing the summary of the replication manual by describing and implementing what
each component that are listed inside of the manual.
Brent Foley oversaw quality control. He had helped with some of the early concept
drawings for the lift design. Brent helped in creating a problem statement, the design tasks, and
delivery as well as majority of all other tasks implemented in the small and large posters. He also
contributed a large portion to the final report. He also helped set up the structure of the report
including research into various fluids such as water or automatic transmission oil vs. other forms
of hydraulic oil, and cost/market analysis. Brent has assisted Mackenzie and Kenzie with Midterm presentation as well.
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Chapter 2 – Design Specifications, Concept Generation and Evaluation
2.1 Concept Generation
The team set out to design and build a lift capable of supporting the refrigerator go-kart
for the ComEd Icebox Derby. ComEd expressed the need for a safe, mobile lift that would
further enhance the girls' experience. The design was created based on the set design
specifications:
•

Final design must have a factor of safety above 1 in order to reduce risks.

•

The lift must be moveable both with and without load.

•

The lift must be low profile enough to fit within a clearance of 4.25 inches.

•

The lift will have an additional locking safety mechanism that will act as a fail-safe in the
event of failure or an accidental button press. This maximizes overall safety.

•

The lift must be stable at all working heights both with and without load.

•

The hydraulics utilize a hand control to provide an ease of operation.
Before the team came to the final design, the lift underwent many design iterations. In

total, there were three main iterations that the lift underwent. The first iteration was the very first
concept produced by the group. Initially, the group was brainstorming ideas to be similar to a
typical car jack. Hence, the lift consisted of two moveable sections that can easily be picked up
and moved from location to location. However, the two sections would be difficult to line up
with the odd curvature of the go-kart frame, causing two-people to be engaged for each of the
lifts. Each of these smaller lifts would be powered by a standard bottle jack, keeping costs low.
For the actual design, there would be one main post that would lift two points of contact, which
would mesh with the kart frame. This concept is similar to how a two-post car lift works.
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Eventually, the group moved away from this concept because the idea of having two lifts for one
cart was a bit more than what the group wanted.
Next, the group designed a scissor lift concept that would still be powered by a bottle
jack. This iteration is similar to the final design, aside from the hydraulics. For instance, this lift
was low profile, fitting within the tight clearance from the kart frame to ground. Of course, the
scissor arms were the same as the final lift. This concept is based on motorcycle lifts and scissor
lifts that are currently on the market. This initial design had a base that was constructed of
ninety-degree angled steel. This was to save space and make the lift as low profile as possible.
However, this design was ultimately proved to be weak. The design was placed into Inspire. This
software allowed the team to perform finite elemental analysis, of FEA, on the lift design. Based
on the results of the analysis, the lift had several points that had factors of safety below 1, as seen
by the red portions of Figure 1. This is not ideal and ultimately deemed unsafe for the purpose.
This forced the group to redesign the frame of the lift.

Figure 1: The bottom frame of the lift showing the areas of high stress, shown in red.

The ninety-degree steel plates were later changed to 2"x2"x1/8" steel tubing.
Additionally, the entire bottom of the lift was further fastened with 1/8" thick steel sheets. This
was to further solidify the bottom of the lift. The newly designed lift was then placed into Inspire
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for further FEA analysis. The result consisted in a design that had an overall factor of safety
above 3, as seen in Figure 2.

Figure 2: The bottom frame of the lift showing the new design with no high areas of
stress concentration.

The final main design iteration consisted of replacing the bottle jack with a hydraulic
cylinder that is operated off a battery powered pump. The cylinder originally was placed
horizontally on the bottom of the lift, bolted to the sheet metal. This design has the cylinder
acting horizontally against the primary scissor arm. However, after constructing this design, the
lift could not open when fully closed. This was mainly due to the cylinder having such a high
force on very low scissor arm angles, resulting in no mechanical advantage. The cylinder was
then redesigned to be bolted to brackets on the bottom of the lift and act on brackets on the top of
the lift. This redesign increases the mechanical advantage and allows the lift to be opened when
fully closed.
2.2 Design Refinement
During the process of manufacturing this lift, especially during the assembly stage, there
were many small things that were either changed or added to add to the overall benefit and
usability of the lift. The largest of these changes came when the placement of the cylinder was
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changed. To allow this change to work successfully there were a few things that needed to
happen. First of all, brackets had to be welded onto the bottom frame, about 16 inches back from
the edge, allowing the cylinder to pivot. Since the cylinder only had locations for screws to be
added in and make it stationary, a new end bracket had to designed and manufactured to allow
the cylinder to pivot. Also, to allow this change to occur the pivot point brackets for the arms had
to change locations. Instead of being on the lead end of the lift, they had to move to the rear point
of the lift. Part of this reasoning was due to the fact that the arms had already been manufactured,
so the holes for the pivot points could not be changed.
Along with the bottom brackets, the top brackets also changed a little bit. Originally, the
top brackets were out from all edges a couple inches. This would mean that only the bottom edge
would have contact with the top surface and have the strength from the weld. To add a bit of
additional strength, we redesigned the brackets in such a way that the pivot points would remain
the same, but so that it allowed an edge to be welded both horizontally and vertically to the top
framing.
A third refinement that we made during the manufacturing process was with the
hydraulic handset controller. We ordered the controller that we did for a few of its key benefits.
It had a long attachment cord, was easy to use, and very durable. However, it was originally
designed for a fully functioning dual acting cylinder. Since we were using our dual acting
cylinder as only a single acting cylinder, this would not work. With some assistance we were
able to rewire the controller so that it worked in a way that was beneficial to us. The before and
after images of the wiring are shown below, Figure 3.
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Figure 3: The before (left) and the after (right) of the handset controller.

As shown above, in Figure 3, the wiring was able to be simplified due to the needs for
this project. Beyond the rewiring for the controller, we also decided to make a location for the
handset controller as shown in the image below.

Figure 4: The handset controller on the lift.

As shown in the image above, Figure 4, a box was designed and 3d printed in a way that
let the handset easily slide in and out. While the controller was placed in its holder, the buttons
were still accessible and functional. This component also helps to keep the cord for the handset
out of the way while the lift is in operation and during transport.
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Another item that was redesigned during the manufacturing stage was the back end of the
lift with the casters and battery. Originally, we had designed each caster to have its own support
mount. Then, a third plate was added between them to place the battery on. During the
manufacturing process we decided to redesign this all into one component. With the addition of a
few spacers underneath of it to get the casters at the desired height, everything was one piece.
This added a great deal of additional support and rigidity to the back portion of the lift where the
casters needed to be mounted. This redesign is shown in the image below, Figure 5.

Figure 5: The caster bracket with the battery.

Regarding the stall mat that was originally supposed to be attached to the top of the lift.
During the testing stage we found that the lift was capable of lifting much more when there was a
slight amount of space between the top and bottom layers. Even ¼ of an inch made a large
difference on the amount of weight that the lift was able to handle. Due to this we wanted to add
something between the two layers to help give the cylinder a little bit more of an angle. Also,
when the two layers came together at the end of the closing cycle, since it was metal on metal, it
was not as smooth as we wanted it to be. Due to these two reasons, we decided to put a 12-inch
strip of ½ inch thick stall mat in each of the four corners of the lift. Once this was added
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however, we were at our maximum height to be able to fit underneath of the lift, so we had to
refrain from adding the foam to the top of the lift.
A final design refinement that was added to the lift after it was manufactured, was a
shield to cover the hydraulic system. The main reason that this was added was to protect the
hydraulic system from accidental bumps. When the kart was being loaded, it was easy to
overshoot and hit the back of the kart against the power unit. If done forcefully enough, there
was a strong possibility that some of the cables for the system could be knocked free, rendering
the lift unusable. To protect this, a shell was built and attached around the power unit to protect
it. This is shown in the image below as the yellow box, Figure 6.

Figure 6: The locking safety mechanism (yellow) and the hydraulic cover (yellow).

2.3 Hydraulic System
The team decided to move away from the bottle jack designs that were initially planned
because a hydraulic system would operate better overall and enhance the students overall
experience with the Icebox Derby. The hydraulic system was designed beginning with the
hydraulic cylinder. After seeking out advise from Dr. Pohlman, it was determined that the lift
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would need a double acting hydraulic cylinder. The double acting cylinder was chosen so that
that the cylinder could be powered both up and down if desired. There are also ample options of
double acting cylinders on the market, allowing the group a variety of options when it comes to
decision making. The cylinder that was chosen, was a medium-footprint double acting cylinder
from McMaster Carr. This cylinder is less corrosive and has a long-life expectancy because the
rod is always lubricated. The cylinder also requires a smaller fluid reservoir than other cylinders
on the market, making it an ideal cylinder for the lift, which has limited space.
Based on the cylinder chosen, the hydraulic power unit was then selected. The hydraulic
power unit, designed by Monarch, was purchased from Grainger. This particular unit has a flow
control valve that allows the user to regulate the speed of the hydraulic fluid flowing to the
cylinder. This unit was also the smallest footprint available, at 16.375" x 7.5". This will aid in the
overall low profile look of the lift. The hydraulic unit also has a check valve that will hold the
load while the cylinder is engaged. Essentially, the fluid pressure will hold in the cylinder until
the unit is engaged to be lowered. This key detail enhances the overall safety of the lift. The
power unit also had an adjustable relief valve, which limits the maximum pressure of the unit.
This also will help with regulating the speed of the lift when it is engaged. The entire power unit
runs on a 12V DC battery. The entire hydraulic system engages through the use of a handset
controller.
In addition to using Inspire to check for areas of high stress concentration with the body
of the lift, the team thought it would be important to analyze the force being exerted on the
hydraulic cylinder while the lift is in operation. After extensive research on past analysis journals
on the forces exerted on scissor lifts, the group realized that there is one definitive equation that
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is the same across all past research. Equation 1 represents the load that is felt by the cylinder
during operation [5].

Equation 1 can be further simplified to represent the design of the lift. This is represented in
Equation 2.

Where the symbols represent as follows:

In order to better understand what exactly is occurring on the cylinder as the angle of the
cylinder changes in time, as well as how the force on the cylinder is affected by the weight of the
load being lifted, the team created a contour plot with the help of Matlab. The code for the graph
can be seen in Appendix 1. This plot is represented in Figure 7 below. Looking at the graph, it
can be noted that as the angle of the cylinder decreases, and as the weight of the load increases,
the total force exerted on the cylinder increases. The maximum force exerted on the cylinder is
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roughly 1600 lbf. The weight of the load was varied from 0 to 500 lbs, however, the weight of
the cart is roughly only 200 lbs. Also, the cylinder angle was varied in time with respect to the
maximum and minimum angles experienced on the physical lift.

Figure 7: The force on the cylinder angle.
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Chapter 3 – Cost/Market Analysis and Patentability
3.1 Competing Products
Most lifts on the market that are comparable to the team's lift design are some type of
vehicle lift. A vehicle lift is essential for vehicle maintenance as well as repair tasks. The seven
main types of vehicle lifts are motorcycle jacks and lifts, car jacks, go-kart jacks, two-post lifts,
four-post lifts, and scissor lifts. However, two-post and four-post lifts are for full sized cars and
will not be directly compared to the ComEd lift due to size discrepancies. The motorcycle jacks
and lifts consist of several main sub types. The main difference between the lifts and jacks is that
lifts are normally larger, have scissor lift functionality and do not have a low-profile as the jacks
do. These motorcycle lifts use a foot pedal to activate the air cylinder to move the lift table up
and down, as seen in Figure 8. Typically, motorcycle lifts range around $900. Capacities on
these lifts vary depending on the model, but typically are on the range of 1500 lbs [6].
Ultimately, motorcycle lifts are not mobile, not low profile, and too narrow to safely be used on
the ComEd Icebox Derby carts.
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Figure 8: Motorcycle lift [6]

Motorcycle jacks are much smaller than lifts, causing them to be mobile, as seen in
Figure 9. They also utilize a scissor lift, but they are much smaller. These lifts would not work
on the derby carts, at least not with only one. These lifts are, however, much cheaper, ranging
around $150 [7]. The capacities are also similar to motorcycle lifts.
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Figure 9: Motorcycle jack [7]

Go-kart lifts, although rare and often made for personal use, are available. However,
when looking at these lifts, Figure 10, they are not big enough to be used for the derby carts.
Also, they are not stable, low profile, or movable with load. The key to creating a lift is to make
a lift that can aid the students in the build process. This lift is not ideal to assist them. These lifts
range around $900, and have capacities around 250 lbs., which is much smaller than other
devices [8].
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Figure 10: Go-kart Lift [8]

When it comes to lifting, there are many types of car jacks and lifts. For instance, there is
the traditional car jack, Figure 11. Car jacks can support much larger amounts, around the scale
of 6000 lbs., but it varies depending on the model. These jacks are also much cheaper, ranging
around $120 [9]. Although these jacks have higher capacities and are more economical, they are
not ideal for the derby cars. They are too small to be used and would create an unstable working
condition. Also, they are not low profile enough to fit under the karts.
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Figure 11: Car jack [9]

Car jacks can also utilize the scissor jack design, bottle jack design, or the floor jack
design. Scissor car jacks operate by turning a screw, are versatile with many types of cars, are
light weight and low-profile. Bottle car jacks are easier to transport than a scissor car jack, use
hydraulics to support a greater load, and can lift not only cars but trucks and SUV's. Then the
floor car jacks use jack stands, are heavy but more durable than other types of car jacks and are
more expensive than the two other car jacks mentioned [10]. Table 1 shows a brief comparison
of the go-kart lift, motorcycle lift and jack, and car jacks to the team's design.
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Table 1: Comparison of Go-Kart lifts, Motorcycle lifts and jacks, Car jacks and our
design with respect to profile, size, stability and load.

Current Solutions
Go-Kart Lift
Motorcycle Lift
Motorcycle Jack
Car Jacks
Two-Post Lift
Four-Post Lift
Simple Scissor Lift
Our Design

Est. Cost
$900.00
$900.00
$150.00
$120.00
$2,500.00
$3,000.00
$1,400.00
$1,700.00

Low
Profile
No
Yes
Yes
No
Yes
No
Yes
Yes

Size (big or Stable with Moveable Hydraulically
small)
frame
With Load Controlled
too small
No
Yes
Yes
Yes
No
No
Yes
too small
No
No
No
too small
No
No
No
too big
No
No
Yes
too big
No
No
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes

For car lifts, there are also two-post, four-post, and large scissors lifts. However, these
lifts are very large and cannot be considered for the Icebox Derby karts. Post lifts are known for
their sturdy posts and supportive stabilization arms. There are also three variations of two-post
lifts including, symmetrical, asymmetrical or symmetrical two-post lifts. Symmetrical lifts are
easier to identify because their posts face each other directly and the support arms assemblies
each hold about 50% of the load. While asymmetrical lifts have swing arms that are not the same
length in the front and back and even have a rotated post design. The third option available is the
symmetrical lift and these provide users with the ability to take advantage of being both
asymmetric and symmetric simultaneously [11]. A two-post lift, Figure 12, range around the cost
of $2500, but it depends on the model and capacity. Average capacity is around 7000 lbs [12].
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Figure 12: Two-Post with swinging arms [12].

Four-post lifts are needed for heavier loads. Some of these also don’t require floor
anchors like the two-post lift. The deficiencies with a four-post lift are that for any type of wheel
service sliding bridge jacks to lift the wheels off the runway will be required. This particular lift
can also support a load in the range of between 6,000 lbs. and 40,000 lbs. Another advantage of
four-post lifts is that four-post lifts only require 115-volt power supply, while 2 post lifts require
220-volt [13]. There are also two types of four-post lifts. The first option is the open front lift,
which comes without a front cross bar allowing operators to easily enter and exit from beneath
the vehicle. This makes front end adjustment fast and trouble free. The second option is the
closed front four-post lift, which means that the front of the lift has the bar in front [11]. An
image of a four-post lift can be seen below, Figure 13. These typically range around $3000,
depending on the model [14].
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Figure 13: Four-Post lift with ramps [14]

The last type of vehicle lift used, which is the most similar to the team's lift, is the scissor
lift. The scissor lift is any type of lift that raises their vehicles with an accordion like mechanism
beneath the runways. Depending on the configuration of the cylinders and raising rods, scissor
lifts can be described as either drive-on or four arm style lift. Scissor lifts are commonly used as
a mid-lift style hoist and are mainly used for wheel service where lifting your vehicle to great
heights is not required. In the team's case the maximum height to raise a vehicle is 2 feet so this
lift is most applicable to the purpose. Scissor lifts are also more easily transportable than the twopost lift or the four-post lift. There are low rise scissor lifts, which are known for raising up to 36
inches off the ground, mid-rise lifts, which can raise between 36 and 48 inches, and full rise
scissor lifts, which can go anywhere above that. The team's lift fits the low-rise lift range. Some
scissor lifts are small, but parallelogram style lifts are known to be some of the heaviest lifts on
the market. In fact, scissor lifts exponentially increase in size in higher weight categories. These
lifts are also easy to mount [15]. Figure 14 shows a scissor lift. These lifts tend to lack a low
profile and are not easily moveable with load, which does not work with the Icebox Derby cars.
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These lift also are on the price range of $1400 and can support roughly 6000 lbs, depending on
the model [16].

Figure 14: Scissor lift with hydraulics [16]

3.2 Market Analysis
The designed lift uses a hydraulic pump with a 12V battery instead of a hand or foot
pump, allowing for automatic lifting capabilities. The lift uses a handset as controls. The lift also
can lift several small types of vehicles without having to buy a different lift for each vehicle. The
multi-purpose lift can lift several types of vehicles such as go-karts, small ATV's, riding lawn
mowers, golf karts and snow-mobiles. Other lifts cannot do this without the purchase of a
different lift for each of these vehicles, which would cost astronomically more to do. This design
is also low-profile and has a large factor of safety, above 3. The design includes locking casters
to prevent unwanted instability while lifting a vehicle. These casters also solve the problem of
not being able to transport the lift to other locations since some lifts are bolted to the ground and
make transportability impossible or have counter-weights that make transportability more

33

strenuous. The lift is not only mobile alone, but is also mobile with the load, allowing more
versatility to the user.
The upfront cost to manufacture this design is greater than many lifts currently on the market,
but this is offset by the fact that this lift can be used by a multitude of different vehicles. This lift
uses hand-held remote controls to control the functionality of the lift without putting strain on
ones back since many lifts on the market use hand cranks. The ones that use hydraulic foot
pumps have more trouble controlling the speed of the lift, which is easier to control with the
hand-held remote control utilizing a power unit. Also, in terms of manufacturing the lift, square
tubing makes assembly easier, faster and safer than many other lifts on the market. The scissor
mechanism used in the design also increases safety by allowing for safe and controlled speed in
conjunction with the electric hydraulic lift system. Other lifts on the market have a lower load
capacity, are not as low-profile, unstable, or are more likely to have a power surge and
malfunction. Also, the multi-purpose lift is cheaper in the long-term when one needs to lift
multiple types of vehicles because they won't have to purchase a lift for each vehicle.
According to the Automotive Lift Institute, there are seven categories of vehicle lifts in the
U.S., which can be divided into the following categories [17]:
1. Two-Post Surface Mounted
2. Multi-Post Runway (Four-Post)
3. Drive-On Parallelogram
4. Scissor lifts
5. In-Ground
6. Wheel Engaging Mobile Units (Mobile Columns)
7. Low/Mid-Rise Frame Engaging
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From these categories, it can be reasonably assumed that some of these categories are more
easily transportable than others. Also, some have greater weight capacities than others. For
instance, in-ground lifts will be impossible to transport, while scissor lifts will be easily
transportable. Similarly, four-post lifts will have a greater weight capacity than the two-post lifts.
Of the categories listed, the team feels that the designed lift can fit into the scissor lift category.
However, most lifts in this category tend to be single use lifts. Specifically, they are designed for
only one type of vehicle. Also, most simple scissor designs are not mobile in any shape or form
and typically do not operate on hydraulics, lacking in ergonomic appeal.
Overall, when looking at the market for lifts, the ComEd Icebox Derby Lift would have a
strong place in the market in terms of appeal. To become competitive with the current scissor
lifts on the market, the design has an additional locking mechanism, a handle that is ergonomic
when pushing the lift, a low profile to accommodate multiple vehicles, and a handset controlled
hydraulic cylinder to make it more user friendly. The biggest positive aspect is the fact that it can
be used in a multitude of ways. For instance, it can easily by modified for a motorcycle by
adding brackets for the wheels, and it can be used to assist when changing blades on a lawn
mower. In general, the market for lifts will never disappear, as long as there are vehicles that
need maintenance.

3.3 Cost to Manufacture
As previously mentioned, the main competition for the multi-purpose lift is the low-rise
scissor lift. This type of lift on low end costs between $1,200-$1,700 per lift [18]. While higher
quality low-rise lifts that are portable and have a high weight capacity can cost up to $3,028.40
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[19]. The designed lift costs $2366.92 for one lift. The cost for most lifts on the market that have
a working electric hydraulic scissor lift system and hand-held remote controls connected to a
power unit have an initial cost of roughly $4000 for one lift [20]. However, most do not have
wheels for easy transportability and are bolted to the ground or make use of counter weights. The
table below, Table 2, shows the cost of each part for the lift design. Figure 8 shows the
component breakdown cost. Specifically, Figure 15 shows the price of raw materials, hydraulics,
accessories, and miscellaneous fasteners.

36

Table 2. Cost Break-Down for Multi-Purpose lift.

Description of Item
Low-Carbon Steel Square Tubes 1"x1" 0.12" Wall Thick
Low-Carbon Steel Square Tubes 1"x1" 0.12" Wall Thick
Low-Carbon Steel Square Tubes 2"x2" 0.12" Wall Thick
4130 Alloy Steel Rectangular Tubes 1"x2" .065" Wall Thick
4131 Alloy Steel Rectangular Tubes 1"x2" .065" Wall Thick
1/4" Thick Low Carbon Steel Bars 8" bar width
0.12" Thick Low-Carbon Steel Sheet
3/4" Thick Low-Carbon Steel Bar 1 5/8" bar width
Clevis Pin with Retaining Ring Groove (pack of 5)
Clevis Pin with Retaining Ring Groove
Clevis Pin with Retaining Ring Groove (pack of 5)
Iron Wheel 3" Dia x 1-1/4" Wide
Rod Clevis for 1-1/2" Bore Dbl-Acting Cylinder
Pivot Pin for 1-1/2" Bore Dbl-Acting Cylinder
Low-Strength Galvanized Steel Hold Down Bolt (2 pack)
Medium-footprint double-acting Hydraulic Cylinder
Aluminum Rail 1" Rail OD
12VDC Hydraulic Power Unit 3000 psi 2.5gpm
Hydraulic Handset Controller
ML26-12 12V 26AH Replacement Battery Mighty Max Battery
Brand
Mapp Caster, Steel Rail Roller
Swivel Caster with Brake and 2" Diameter Rubber Wheels
Humane Diamond Rubber Stall Mat
Hydraulic Hose
Male NPT to Female NPT 90 Degree Street Elbow Hydraulic
Hose Adapter
Male ORB to Female NPT Straight Hydraulic Hose Adapter
POR-15 45004 Gloss black Rust Preventive Paint - 1 Quart
Brennan 5500-06-06 Forged Steel Pipe Fitting
Apache 39006025 3/8" Female Pipe x 3/8" Female Pipe x 3/8"
Female Pipe Hydraulic Adapter
Staff 2.5" Hydraulic Pressure Gauge
Apache Snow Plow Hose 1/4" diameter
Apache Restrictor Hydraulic Adapter
Apache Hydraulic Adapter Male Pipe Thread x Female Pipe
Swivel 90 Degree
Apache Hydraulic Adapter Male Pipe Thread x Female Pipe
Swivel (1404 Series)
Brushes
Deka 4 Gauge Black Top Post Battery Cables
Deka Copper Battery Cable Lugs
BLACK+DECKER BM3B 6V and 12V Automatic Battery Charger /
Maintainer

Specifications (color, size, etc) Qty Unit Price Total Price
6ft length
2
24.14
48.28
3ft length
2
14.48
28.96
6ft length
3
47.1
141.3
6ft length
2
123.54
247.08
3ft length
1
71.64
71.64
1ft length
1
35.1
35.1
24" x 36"
3
80.26
240.78
1/2 ft length
1
10.98
10.98
3/8" Dia 1-13/16" usable
length
1
10.48
10.48
3/4" Dia 3-1/4" Usable Length
3/8" Dia 1-1/16" Usable
Length
1/2" Axle Diam

2

15.14

30.28

1
2
1
1

12.19
11.89
44.1
10.02

12.19
23.78
44.1
10.02

1
1
1
1
1

11.49
475.52
31.1
445
130

11.49
475.52
31.1
445
130

1
4
2
1

54.99
5.13
13.94
44.99

54.99
20.52
27.88
44.99

1

25.8

25.8

1

5.6

5.6

1
1

3.85
41

3.85
41

1

2.08

2.08

1/4" NPT Stem Mount
1/4" diameter
3/8" to 1/32"

1
1
1
1

3.3
18.83
22.99
5.99

3.3
18.83
22.99
5.99

3/8" male to 3/8" female

1

3.79

3.79

1/4" female to 3/8" male
foam paint brushes
15 inch length

2
1
2
1

2.89
0.99
4.99
2.49

5.78
0.99
9.98
2.49

1

17.99

17.99
2366.92

5/16" -18 Thread Size 6-3/4"
long
1-1/2"Bore 8"stroke
8ft length

3/" width 1-1/4" O.D.
4' x 6' x 1/2"
3/8" Male NPT x 3/8" Male NPT
3/8" Male NPT x 3/8" Female
NPT
9/16" Male ORB x 3/8" Female
NPT
1 Quart
90 Degree Elbow, 3/8-18 x
NPTF Male
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Figure 15: The Cost Breakdown of the lift.

Of course, the designed lift would be cheaper produce when the raw materials are
purchased in bulk. Also, the items such as bolts, would be purchased directly from the
manufacturer, not from the supplier. This could reduce the cost to an estimated $1700.00.
This estimation is based on a number of factors, including the cost difference between
buying in bulk and buying items based on size requirements. The team got a quote from
Liebovich Steel & Aluminum Co out of Rockford. Based on the quotes provided to the group on
1x1x.12" and 2x2x.12 steel tubing and 60x120x.12" steel sheets, the team was able to compare
the cost differences between buying in bulk and buying directly from McMaster. Tables 3-7
show the cost breakdown comparison.
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Table 3: 1"x1"x0.12" Tubing Breakdown

Table 4: 2"x2"x0.12" Tubing Breakdown

Table 5: 0.12" Steel Sheet Comparison

Table 6: 1'x2"x16ga Tubing Breakdown
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Looking at Table 3, purchasing from McMaster resulted in a cost of $3.22 per foot for
1"x1" tubing. Liebovich quoted us with $2.43 per foot. This is a cost reduction of $0.79 per foot,
which could save $18.96 per cart. Looking at Table 4, purchasing from McMaster resulted in a
cost of $7.85 per foot for 2"x2" tubing. Liebovich quoted us $3.86 per foot, resulting in a cost
reduction of $3.99 per foot or $71.82 per cart. looking at Table 5, McMaster resulted in a cost of
$0.09289 per square inch for 0.12" steel sheet. Purchasing in bulk, would result in a cost of
$0.03621 per square inch. This would equate to a cost difference of $0.05668 per square inch or
roughly $146.91 per cart. Finally, when looking at Table 6, purchasing from McMaster resulted
in a cost of $21.25 per foot for 1"x2"x16ga. When purchasing in bulk, the cost per foot was
$3.00. This resulted in a total savings of $273.75 per cart. This can be summarized by Table 7.
When it comes to estimating the sheet, it is a bit trickier because of how sheets would need to be
nested; however, the team thinks this is a good estimation. Of course, this is just a comparison
for 3 different raw materials, not all of them. Should the team go through the process of pricing
out all of the metal and direct purchasing, the team feels the total material cost of producing one
lift would be equivalent to $1700.00.
Table 7: Total savings Breakdown
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In order to produce this lift on a large scale, one would have to either find a company to
partner with to produce the lift or obtain the capitol to lease or purchase the facility and
equipment to produce these lifts. In addition to the equipment, there would have to be enough
manpower to produce the lift to meet the demand. This could entail running multiple shifts or
just one shift. Also, the start-up costs would not include the multitude of maintenance costs that
would come with the facility and equipment. For a manufacturing facility to operate properly,
there are certain departments that would need to be in place. These departments can be listed in
Table 8.
Table 8: Departments to be established in the factory.

When it comes to employees, there would be a variety of factors going into salaries. Of
course, more experience and higher skilled jobs would equate to a larger pay. Similarly, there
would have to be health benefits for the employees.
Funding is a very important key to starting any business. Funding can be personal,
borrowed, or even sponsored. Based on a 2012 census, the majority of those in the United States
start up their business using their own bank accounts (about 75 percent) and credit cards (more
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than 10 percent). However, it can be noted that there is about $530 billion spent each year to
launch new businesses. Of that $530 billion [21]:
•

$185.8 billion is personal savings, credit card and assets

•

$60 billion comes from friends and family

•

$22 billion is raised as venture capitol

•

$20 billion is from investors

•

$14 billion comes from banks

•

$5.1 billion is raised through crowdfunding
Based on this data, it would be expected that to produce this lift, the team would have to

come up with roughly 35% of the total start up cost on their own from personal assets.
Additionally, the team would have to seek help from investors, bank loans, and crowdfunding.
Based on existing businesses in 2014, it would cost between $275,000 to $1.6 million to start up
a manufacturing business [21]. Producing the designed lift would not be a large production at
first, as the team would have to focus on marketing the product and establishing a good
reputation as a company. Once demand for the lift takes off, manufacturing, and the business,
could increase. Because the scale of building the lift will start out small, the cost of start up is
estimated to be around $800,000. This is based on renting a facility, hiring enough manpower,
marketing, and obtaining the equipment. Of course, this does not include maintenance costs,
insurance fees, licensing, permit fees, or costs of operation. Some of the equipment that would be
needed in the manufacturing plant can be seen in Table 9. The estimated costs to buy are listed,
however, in some cases, this equipment can be purchased used or rented. Also, any parts that
would need to be laser cut or cut with a water jet could be outsourced to save initial start up
costs.
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Table 9: Equipment needed for production and the estimated purchase price.
Item
1200W Laser Cutting Machine
Craftsman Angle Grinder
Cutting Cold Saw
MIG Welder
PAPR Weld Helmet
1 Ton Jib Crane
Side DownDraft Paint Booth
Variable Speed Vertical Milling Machine
CNC Metal lathe
Estimated Miscellaneous Tooling
Estimated Miscellaneous Personal Protective Equipment
Total

Cost
$129,900.00
$29.99
$8,695.00
$359.98
$1,435.00
$1,971.00
$11,199.00
$10,299.00
$21,823.75
$100,000
$10,000

Qty
1
5
2
3
3
5
1
1
1
1
1

Total Cost
$129,900.00
$149.95
$17,390.00
$1,079.94
$4,305.00
$9,855.00
$11,199.00
$10,299.00
$21,823.75
$100,000.00
$10,000.00
$316,001.64

Source
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]

Total costs for equipment along could cost upwards of $300,000. The rest of the
$500,000 estimated in start up cost comes from a facility, permits, legal fees, and man power to
piece together the facility.

3.4 Intellectual Property
From a patent application perspective, the lift has custom fasteners, wheels, hydraulics
and an electric battery. Current mid-rise scissor lifts are not able to accommodate more than one
type of vehicle as the ComEd one does. The group is awaiting ComEd’s decision to fund the
project to determine how intellectual property rights will be distributed at this point in time. The
product also has additional safety features such as the locking mechanisms on the casters and
additional locking safety mechanism to reduce risks. The product is easy to use and is
transportable due to its low profile and built in wheels. Therefore, the product would benefit
from a patent if the lift were ready to be mass-produced on a large scale with multiple investors
backing the product.
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According to the U.S. Patent Office, the most common type of patent application filed
within the U.S. is utility patents [31]. The utility patents are more expensive than design patents,
which typically protect an invention better than a design patent. The primary benefit of the utility
patent is protecting the functional aspects of the invention, which in turn makes it very difficult
for a competing product to steal your design. Because of patent infringement laws in place, a
utility patent would increase the value of the product and make it more valuable. The downside
to this is that the process can take between two to three years to receive full protection of the
invention. The engineering that took place to create the lift would need to be protected under a
utility patent. A design patent would only protect the lift’s physical appearance to the public,
which can easily be modified by anyone. Thus, the group would file for both a design and a
utility patent due to the unique structure and functions of each individual component. Without
both patents, the design could be replicated and sold without the group’s consent [31].
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Chapter 4 – Education
An important aspect to the ComEd Icebox Derby Challenge is the build days. Each build
session covers a variety of aspects for assembling the go-kart. Each one of the four build sessions
focus on a different aspect of the build. For instance, one build day is focused on the electrical
components of the car, including the solar panel. Over the course of the challenge, the young
girls use a build book to assist them in the process. The build book, produced by the mentors of
the challenge, walks the students step by step through each of the build processes. In addition to
a step by step manual, the build book is an educational tool to connect the students to the theory
behind the work they are doing. Overall, the build book is essential to the overall success of
engaging the students in STEM activities.
Because the build book is so essential, it was important to provide a set of curriculums
that can be incorporated into the future build books. Initially, the team got together and
brainstormed ideas for possible curriculums. As engineers who have interned in various
factories, the team thought that it was important to the girls to understand the importance of
personal protective equipment (PPE). Throughout the competition, the girls wear gloves and
safety glasses. However, it is important to understand all of the different types of PPE and their
purpose in the industry, which is why the team created the PPE based curriculum, which can be
found in Appendix 3. The curriculum outlines the purpose and need for both PPE and a strong
understanding of when it is needed. Additionally, the curriculum establishes the different PPE
and their purpose with a matching activity. The types of PPE are listed below in Table 10. The
last part of the curriculum tests the students' levels of understanding by having them list all of the
PPE required per the given scenario.
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Table 10: PPE used in the curriculum:

In addition to the PPE curriculum, the team wanted to provide a curriculum that
resembles theory related to the designed lift. After a bit of thought, the team decided to create a
curriculum around the concept of a simple Freebody diagram. In addition to teaching the
students how to draw a Freebody diagram, it introduces them to the concept of Newton's Second
Law, or balancing forces. Of course, the teams of students are diverse in the sense of age, so the
concepts are kept fairly simple in the hopes that all the students are able to understand. In an
effort to make the curriculum more engaging, the team 3D printed a simple cantilever beam and
disks, which can be seem in Figure 16. This beam helps in the hands-on simulations to help the
students draw conclusions about forces. The entire curriculum for the Freebody diagram concept
can be seen in Appendix 4.
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Figure 16: The 3D printed beam that will be used for the FreeBody Diagram
curriculum.
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Chapter 5 – Replication Manual
The purpose of the replication manual, found in Appendix 5, is to instruct and assist
future companies on how to independently assemble the multipurpose lift. The specific objective
was to create an innovative lift that the students can operate safely during the ComEd Icebox
Derby. The content of the replication manual includes an Introduction, Material and
Dimensioning, Assembly, Conclusion, and Appendices.
Included in the Material and Dimensioning chapter are multiple sections. These sections
include a Cut List for Square Piping, Cut List for Plating, and Raw Material Preparation
instructions. The full list of builder-made parts is listed as Raw Material Post Preparation Part
List. Additionally, Fasteners and Wheels/Rollers needed are listed in this chapter. Cut lists were
beneficial to include in the manual to specify the correct cut size, part label, and quantities that
were necessary. Fasteners and Wheels/Rollers are the next sections, which just briefly confirms
the description, quantity, size, and part label for each. The Raw Material Preparation section
shows procedural images of how and where specific holes needs to be drilled and cuts of the
specific materials that are being prepped before assembly. The Raw Material Post Preparation
Part List is the last section in the Materials and Dimensioning chapter, which shows how many
parts that are required before beginning the assembly.
Moving forward is the Assembly chapter, which shows the different types of assembly
that is required to build the lift. The sections for assembly included are listed as the Base
Assembly, Primary Arm Assembly, Secondary Arm Assembly, Top Assembly, Frame, and
Hydraulics placement. Base section shows the base frame and where each piece of material like
arm flanges, the battery plate, and the handle will be placed on the base to be welded. The
Primary Arm and Secondary Arm assemblies display the pieces that are to be used for each. Top
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Assembly section displays where each part needs to be positioned for the lifting platform. The
Frame Assembly section shows how the previously produced pieces fit together. This section
also provides description of where the wheels and locking-swivel-casters are being placed on the
Base Frame. The last section of the Assembly chapter is the Hydraulics section. There are
procedural images on how the piston is properly fastened to the Top and Base using fasteners.
Ending with placing the power unit and battery onto the base.
This manual will be used as a reference guide from start to finish for ComEd to utilize in
the icebox derby.
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Chapter 6 – Discussion and Conclusion
The initial goal of the team was to provide the ComEd Icebox Derby with a lift that can
be used to enhance the overall experience for the students involved. Initial designs started with
concepts of modifying a bottle jack to incorporate instead of hydraulics. However, through many
iterations, the final design uses hydraulics, which are controlled with a handset, incorporates a
scissor lift design, and is much larger than the team initially anticipated. The final design may be
on opposite ends of the spectrum in terms of the original, but the final design is the best one. Not
only is the lift low-profile and moveable with load, the lift is safe. This allows the girls involved
in the project to use the lift with minor assistance from the mentors. This is extremely ideal in the
sense that it increases the amount of hands-on experience for the girls, further empowering them
on their future STEM career endeavors.
In addition to providing a safe tool for the students to use, the lift can be incorporated
with the respective curriculum to further enhance the experience. Also, because the lift is
transportable, the lift can be used at both build days and race day, allowing the girls to make race
day modifications. Future considerations include looking for further ways to improve the overall
performance and look of the lift and reducing both weight and cost as much as possible. It is also
important to note that there will always be maintenance surrounding the battery on the lift. Like
all batteries, they need to be charged when necessary.
Due to the expansive market of the lift and the fact that the finished product can be used
on a multitude of vehicles, the team will be looking at obtaining a patent for the design. This
would be in the form of both a design and utility patent on the lift. The patent would not only
protect the design, but possibly protect the team should the lift ever be manufactured.
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Appendix
Appendix 1 – Matlab code for Cylinder Force
% w=0:500;
% alpha=[5.57923:0.0844329:30.9091];
% beta=[12.63562:0.1246894333333333:50.04245];
clear
for w=5:5:505
alpha=5.57923;
beta=12.63562;
for n=1:301
P(n,w/5)=(w*cos(alpha*(pi/180)))/(sin((alpha*(pi/180))+(beta*(pi/180))))
alpha=alpha+0.0844329;
beta=beta+0.1246894333333333;
end
end
weight=5:5:505;
beta=[12.63562:0.1246894333333333:50.04245];
Force=P;
contourf(weight, beta,Force,25)
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xlabel('Weight of Load (in lbs)')
ylabel('Cylinder Angle (in degrees)')
zlabel('Force on Cylinder (in lbf)')
title('Force on Cylinder vs Weight of Load and Cylinder Angle');
%colorbar('Weight on Cylinder (in lbs)')
c = colorbar;
c.Label.String = 'Force on Cylinder (in lbf)';
grid on
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Appendix 2 – Liebovich Steel & Aluminum Co Quote
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Appendix 3 – Personal Protective Equipment Curriculum
Personal Protective Equipment Curriculum
Safety is the number one important thing in any industry. Industry leaders wants every
person who leaves for work in the morning to return home at night in good health. In addition to
wanting a company’s workers to remain safe, injuries cost a company down time of production,
and ultimately cost the company money. Safety is the number one priority in industry!
There are many important aspects to being safe at work, such as being aware of your
surroundings, being trained to operate any equipment, and understanding safe practices. Another
very important aspect of being safe is understanding what personal protective equipment you
need to wear for each job. Personal protective equipment, or PPE, is worn to minimize any
potential exposure to hazards in the work place. The potential of illness or injury results in
exposure from any of the following forms of hazards: chemical, mechanical, electrical, physical,
radiological, or others.
PPE, when worn correctly, can protect you in the time of need. Of course, PPE must be
maintained to ensure it has remained reliable. However, in order to be protected, you must make
sure that you are wearing the correct equipment for job. PPE can include items like ear plugs,
safety glasses, hard hats, and steel toed boots.

In this first exercise, it is your job to match the purpose of the equipment (items A-M) to the
correct equipment (items 1-13).
A. Worn when noise levels exceed 85 decibels (decibels is the unit of measure for loudness)
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B. Used to protect a worker from head injury caused from falling or swinging objects
C. Used to protect a workers eyes from dust, molten metal, liquid chemicals, or flying

particles
D. Worn when a worker is exposed to sparks or flying particles, such as when grinding, and

protects the face
E. Protects a worker’s feet from injury caused by a falling object or puncture
F. Provides additional protection from falling objects or compression by protecting the

instep area of a foot
G. Worn during chemical exposure such as in a paint booth
H. This object protects the worker from molten metal as well as protects the worker’s eyes

from damaging light
I.

This is worn when a worker is in a position with a low roof or ceiling and prevents minor
head injury

J.

These are worn to protect the workers from burns on hands

K. Provides protection against cuts and abrasions
L. These cover the hands and forearms and provide a light duty heat protection for the

worker
M. These are used to protect the worker’s arms from molten metal and hazardous light
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1. Steel Toes Boots____
2. Respirator____
3. Welding Helmet____
4. Gauntlet Gloves____
5. Earplugs____
6. Face Shield____
7. Steel Toed boots with Metatarsal guards____
8. Kevlar Infused or Cut Resistant Gloves____
9. Safety Glasses____
10. Leather Gloves____
11. Hard Hat____
12. Bump Cap or Bump Hat____
13. Weld Sleeves____

ANSWERS: 1E 2G 3H 4L 5A 6D 7F 8K 9C 10J 11B 12I 13M

In this next exercise, please name all of the PPE the worker should have for the job.
1. A worker is welding on a fabrication line for the construction of a 2019 sports car. The
line is in a factory that has a lot of equipment running, causing it to be very loud during
production. The worker often has to pick up parts that range from 15 to 20 lbs. What
should this worker be wearing to stay as safe as possible. Please state your reasoning.
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2. A forklift operator has to move parts from the warehouse to the assembly line at a factory
that produces gaming consoles. Although there are many parts that the operator can
directly get with the forklift, there are a few heavy items in small boxes that they must
pick up themselves. Of course, if it is a new box, they would have to open it with a box
cutter. The forklift operator also works in a loud factory that often can have dust and
floating particles. What should this worker be wearing to stay as safe as possible. Please
state your reasoning.

3. The O’Hare International Airport is adding a departure terminal. An engineer is tasked
with overseeing the construction of the new terminal. As part of the construction, there
are several cranes placing beams and gravel being poured creating dust. The engineer is
also susceptible to falling objects and handling raw, rough materials. What should this
engineer be wearing to stay as safe as possible. Please state your reasoning.

ANSWERS:
1. Weld helmet, safety glasses, ear plugs, metatarsal guards, weld sleeves, leather gloves
2. Cut resistant gloves, safety glasses, ear plugs, steel toed boots
3. Hard hat, safety glasses, leather glove or cut resistant gloves, metatarsal guards
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The resources for the pictures can be found within the Resources section under Appendix 1. The
number associated with each resource is associated with the corresponding image.

Appendix 4 – Freebody Diagram Curriculum
FreeBody Diagram Curriculum

Just as you are currently applying a force on the group as a result of your mass and the
earth’s gravity, the ground is applying a force on you. As an engineer, we must understand forces
and how they affect both us and the objects around us. For instance, think of a teeter-totter. Let’s
say Jack is on one end of the teeter totter and Jill is on the other. Because Jack is older than Jill,
Jack weighs more, and therefore applies a larger force on the teeter totter. Hence, if neither Jack
or Jill try to move the teeter totter, then Jack will be the one who’s end is touching the ground.

In order to understand forces, engineers draw Freebody diagrams. These diagrams show
the object as well as the forces acting on the object as a simplified form. Let’s make a free body
diagram for Jack and Jill on the teeter totter when Jack weighs 120 lbs. and Jill weighs 100 lbs.
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The blue arrow represents Jack, the red arrow represents Jill, and the black beam
represents the teeter totter. If Jack and Jill are sitting in the same position, on either side of the
beam, then the right side of the beam will move down, as the force from Jack is more than the
force from Jill.

Now, it’s your turn to draw free body diagrams! Please locate the 3D-printed beam, or
teeter totter, and the respective disks. Each color disk represents a different mass, and with the
help of gravity, a different weight. The purple disk has a mass of 10 grams, the blue has a mass
of 5 grams, and the orange has a mass of 2.5 grams. Before we attempt to make our own
diagrams, let’s try an example.

Example: Place one purple disk in position A, one orange disk in position B, one purple
disk in position C, and one blue disk in position D as shown.
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Now, let’s draw the free body diagram:

It is important to note, that for the example above, the disks are represented by mass, not
weight. This means that for us to complete the FreeBody Diagram, we would have to display the
disks as a force. To calculate force, you would simply multiply the mass by the gravitational
constant. However, for simplicity, we will only use the mass of the disk in our FreeBody
Diagrams
Now it’s your turn. For the following combinations, draw the FreeBody diagram. Finally,
answer the questions at the end.

1. Purple (A), Orange (C), Blue(D), Orange (D)

67

2. Blue (A), Blue (A), Orange (C), Purple (D)

3. Orange (A), Purple (B), Purple (C), Orange (D)

Questions:

A. From question 1, what direction did the beam fall? Why do you think the beam fell this
way?
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B. From question 2, what direction did the beam fall? Why do you think the beam fell this
way?

C. Even though the forces were balanced on problem 3, the beam was not level, it still
moved. Name some potential reasons why the beam moved. (Hint: manufacturing
process)

